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1  |  INTRODUC TION
Lower urinary tract symptoms (LUTS) such as storage symptoms (in‐
creased daytime frequency, nocturia, urgency, urinary incontinence), 
and voiding symptoms (slow stream, hesitancy…) are known to be 
micturition symptoms with negative impact on quality of life for both 
women and men, or for both young and old patients.1 These bother‐
some issues bring patients to consult with their general practitioner 
or urologist in order to evaluate and try to solve them.
Normal process of micturition implies the succession of filling 
and emptying phases and involves bladder, as a storage organ and 
bladder outlet (external and internal urethral sphincter, prostate in 
men) as a continence system. This complex mechanism is neurolog‐
ically controlled by multiple areas of the nervous system (peripheral 
as well as central nervous system).2
Excluding neurogenic bladder, it is commonly accepted that 
LUTS are related to disorders of the bladder, prostate, or urethra 
due to the fact that they are anatomically or functionally directly 
involved in the normal bladder cycles.
However, urine production at the level of the kidneys may also 
play a role and should therefore not be ignored when evaluating 
LUTS. Diuresis rate may modify the bother of a patient with lower 
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Summary
Aims: To explore and objectify the impact of diuresis on the presence of daytime and 
nighttime LUTS, and associated bother.
Methods: Participants (healthy volunteers and patients referred to our hospital for a 
urologic consultation) were asked to complete a 72‐hour bladder diary and also had 
to fill in a Likert scale (0: no bother; 10: maximal bother) to evaluate the LUTS‐associ‐
ated bother during daytime and nighttime. Three groups were defined: no/mild 
bother	(Bother	≤2),	moderate	bother	(3	≤	Bother	≤	6),	and	strong	bother	(Bother	≥7).	
Questionnaires in order to assess LUTS (ICIQ MLUTS and ICIQ FLUTS), quality of life 
(SF‐36, NqOL), and quality of sleep (PSQI) were completed.
Results: During daytime and nighttime, the study of participants with a strong bother 
associated with LUTS revealed a statistically significant higher fluid intake than those 
without	bother	 (1640	mL	vs	1800	mL	during	daytime,	P	=	0.007).	Also,	 those	with	
higher diuresis rate had more bother related to LUTS than the others (71.3 mL/h in 
group 1 vs 87.3 mL/h in group 3 (P	<	0.001)	during	daytime).	As	might	be	expected,	
lower urinary tract such as bladder, for example, studied through maximal voided 
volume does play a role. The lower the maximal voided volume is, the more bother 
the participants described.
Conclusions: This study pointed out the implication of diuresis in bother related to 
LUTS. Our findings showed that there was an increase in bother by 1 when diuresis 
increased by 100 mL/h.
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urinary tract dysfunction, enhancing or reducing urinary symp‐
toms depending upon the sensorial stimulation caused by the 
amount of urine produced.
The aims of this study were:
1. To explore the value of the “Renal Bother Profile”, a new 
screening tool developed to objectify the impact of diuresis 
on the presence of daytime and nighttime LUTS, and associated 
bother.
2. To evaluate the bother related to LUTS in different groups of pa‐
tients during daytime or nighttime.
2  | MATERIAL S AND METHODS
2.1 | Study design
Healthy volunteers and patients referred to the outpatient clinic of 
our tertiary referral hospital (Ghent University Hospital, Belgium) 
for a urologic consultation have been prospectively included in the 
study.
Participants were recruited via consultations. Some participants 
described storage, voiding or post‐micturation symptoms, such as 
defined by the International Continence Society.3
Healthy volunteers and patients consulting for urologic issue 
without any LUTS (vasectomy, infertility, testicle pain…) were in‐
cluded in analysis.
Patients were excluded from the study if they were younger than 
16 years old or if they declined research informed consent.
Participants were asked to complete a 72‐hour bladder diary 
by recording the volume and timing of every void and drink during 
three	24‐hour	periods	(from	first	morning	void	on	day	1	to	the	first	
morning	void	of	day	2),	not	necessarily	consecutive.	Each	24‐hour	
period of the 72‐hour bladder diary has been evaluated separately. 
Consequently, a total of 320 daytime and 320 nighttime periods 
have been studied (one missing data).
The nocturia index was calculated by dividing the nocturnal urine 
production by the maximum voided volume.
In addition, they also had to fill in a Likert scale (0: no bother; 10: 
maximal bother) to evaluate the LUTS‐associated bother at the end 
of the day and when waking up in the morning.
After	 calculating	 the	 “mean	bother”	 during	daytime	 and	night‐
time for each participant, three groups were defined: no/mild bother 
(Bother	 ≤2)	 (group	 1),	moderate	 bother	 (3	≤	Bother	≤	6)	 (group	 2),	
and	strong	bother	 (Bother	≥7)	 (group	3).	Each	24‐hour	period	was	
subdivided into a daytime (after waking up) and nighttime (after 
going to sleep) period (the first morning void was included in noctur‐
nal urine volume, but not in nighttime frequency).
Patients were also asked to answer questionnaires in order to 
assess LUTS, quality of life, and sleep quality.
The male and the female versions of the ICI questionnaire (ICIQ 
MLUTS	and	ICIQ	FLUTS),	completed	by	the	ICIQ‐OAB	allowed	us	to	eval‐
uate storage, emptying and incontinence symptoms for each participant.
Quality of life was evaluated using the SF36 questionnaire and the 
N‐QoL developed by the International Consultation on Incontinence 
group. N‐QoL assessed the quality of life of patients with nocturia.
Quality of sleep was also evaluated utilising the modified 
Pittsburgh sleep quality index (PSQI).
An	overview	of	the	definitions	and	derivations	used	in	this	study	
is	provided	in	Appendix	A.
The study was approved by the local research ethics committee 
(EC2016/0433).
2.2 | Statistical analysis
The	data	were	analysed	using	SPSS	statistics	version	24	for	Windows	
(IBM	Corp,	Armonk,	NY,	USA).
Categorical and continuous variables were analysed using 
descriptive statistics (Median, interquartile range) and compared 
using	non‐parametric	tests	(Mann–Whitney	U‐test) and using the 
chi‐square for dichotomous variables. Comparisons within groups 
were	performed	using	the	Kruskall‐Wallis	test	for	more	than	two	
related	sample.	A	P < 0.05 was considered statistically significant.
In order to predict the effect on the LUTS bother of different 
factors	studied,	we	used	a	mixed	model	analysis.	A	mixed	model	is	
used when there are multiple groups or panel of individuals and one 
or more fixed or random variables which can vary across whatever 
grouping is present.
To	test	the	pertinence	of	these	models,	the	Akaike	information	
criteria	(AIC)	were	used.
It is a fined technique based on in‐sample fit to estimate the like‐
lihood	of	a	model	to	predict/estimate	the	future	values.	AIC	can	be	
used to perform model comparisons.
What's known
•	 When	considering	Lower	Urinary	Tract	Symptoms,	only	
bladder and prostate are considered. Kidneys and diure‐
sis are always kept apart.
• It is already known that reducing fluid intake can im‐
prove symptoms in women with urine incontinence.
What's new
• Nevertheless, even if it seems logical, the association 
between urine production and LUTS has never been 
demonstrated.
• This article shows such an association and constitutes a 
strong proof that conservative management with de‐
crease of fluid intake is a first step of treatment of pa‐
tients with LUTS.
• This constitutes useful information for general practi‐
tioners, urologists and other specialists in clinical 
practice.
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A	 good	model,	which	means	 the	 one	with	 the	 best	 predictive	
performance,	is	the	one	that	has	minimum	AIC	among	all	the	other	
models.
Different models have been created with a combination of ex‐
planatory variables to describe the bother. The different models 
have been evaluated and the final model structures proposed in 
Tables	4	and	5	return	the	overall	lowest	AIC.
Univariate linear regression analysis was performed to deter‐
mine associations between the bother and diuresis during daytime 
and the bother and diuresis during nighttime in different groups of 
patients depending on the level of general bother (general bother 
was calculated as the average of bother day and bother night).
3  | RESULTS
During the timeframe of the study, a total of 107 patients with a 
median age of 59 (20‐83) years were included. Forty‐three patients 
were	men	(40%)	and	64	were	women	(60%).
Patients were divided into three different groups of bother (no/
mild = group 1, moderate = group 2 and strong = group 3) based on 
the “mean bother” during daytime and also during nighttime. The 
descriptive data and the correlation of scores obtained from ques‐
tionnaires relative to the different groups of bother are reported in 
Tables 1 and 2.
3.1 | Bother and symptoms
We	 observed	 a	 statistically	 significant	 difference	 when	 studying	
scores and subscores of symptoms specific questionnaire. Patients 
with more bother related with LUTS have higher scores on ICIQ 
questionnaires: during nighttime, the average of the emptying sub‐
score was 11 in the group of men with moderate bother whereas it 
was three in the group with no/mild bother (P = 0.006); during day‐
time, the average score of the storage subscore in women was eight 
in the group with strong bother whereas it was three in the group 
with no/mild bother (P	<	0.001).	Women	with	strong	bother	during	
nighttime	and	daytime	had,	respectively,	an	average	ICIQ	OAB	score	
of	9.5	and	8,	and	those	with	no/mild	bother	had,	respectively,	4	and	
2 (P < 0.001).
The subscore concerning filling phase in men (ICIQ MLUTS fill‐
ing phase) and women (ICIQ FLUTS filling phase) was higher when 
TA B L E  1   Descriptive characteristics according to the different groups of bother for daytime and scores retrieved from questionnaires
Presentation
GROUP 1 
No/ mild bother
GROUP 2 
Moderate bother
GROUP 3 
Strong bother General comparison
Bother scale 0 1 2 3 4 5 6 7 8 9 10 P‐ value
Daytime bother
Nb	of	24	h	registrations 220	(68.8%) 56	(17.5%) 44	(13.8%)
Man,	n	(%) 104	(47.3%) 21	(37.5%) 4	(9.1%)
Woman,	n	(%) 116	(52.7%) 35	(62.5%) 40	(90.9%)
Age	(years)
Median (1eQ‐3eQ) 55	(43‐64.7) 56	(42‐7) 49.5	(41.25‐61.2)
BMI (kg/m2)
Median (1eQ‐3eQ) 24.78	(22.0‐28.3) 26.71 (22.1‐30.8) 24.03	(21.1‐26.9)
Women
ICIQ FLUTS storage 3 (2‐5) 7 (6‐10) 8 (5.5‐9) <0.001
ICIQ FLUTS emptying 0 (0‐2) 2 (1‐6) 3 (1‐5) <0.001
ICIQ FLUTS incontinence 2 (0‐8.25) 8 (2.75‐9) 7 (1‐8) 0.001
ICIQ	OAB 2 (1‐5) 7.5 (5.7‐9.2) 8 (7‐9) <0.001
Men
ICIQ MLUTS storage 2 (1‐3) 3	(2‐4.5) 3.5 (1.5‐6.25) <0.001
ICIQ MLUTS emptying 7 (3‐10) 4	(3‐11) 8 (1.2‐13.2) 0.963
ICIQ MLUTS incontinence 3.5 (1‐6.2) 5 (2.5‐6.5) 10 (7.5‐17.7) <0.001
ICIQ	OAB 4	(2‐6) 6	(4.5‐8.5) 7 (7‐10.75) <0.001
Both genders
ICIQ nQOL 40	(33.7‐43) 33 (23‐39) 29.5 (25.7‐32.7) <0.001
PSQI 5 (3‐7) 7 (5‐11) 8 (6.5‐11.5) <0.001
SF‐36 General health 65 (50‐80) 50 (35‐65) 50 (30‐70) <0.001
BMI, body mass index.
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more bother was experienced (statistically significant) during day‐
time and nighttime, ICIQ MLUTS emptying phase and ICIQ FLUTS 
Incontinence were not during nighttime. Results are reported in 
Tables 1 and 2.
We	 also	 studied	 the	 relationship	 between	 the	 bother	 and	
sleep quality and QoL. In the population studied, those expressing 
strong bother during daytime had a PSQI score of 8 whereas it was 
5 (P < 0.001) in the group of patients with no/mild bother. During 
nighttime, the scores were, respectively, 9 and 5 (P < 0.001).
3.2 | Bother and voiding diary
Comparison of results derived from bladder diaries during daytime 
and nighttime according to the LUTS‐associated bother are summa‐
rised in Table 3.
During daytime, participants with moderate LUTS‐associated 
bother (group 2) showed a fluid intake of 1850 mL and those with‐
out	 or	 with	 mild	 bother	 (group	 1)	 drank	 an	 average	 of	 1640	mL	
(P = 0.007). For nighttime, fluid intake in patients with strong bother 
was	1815	mL	vs	1640	mL	in	patients	from	group	1	(P	=	0.024).
During daytime, patients from group with the more bother had 
a urine production of 87.3 mL/h whereas those with less complaints 
had a urine production of 71.27 mL/h (P < 0.001).
The mean voided volume during daytime was, respectively, 206, 
180, and 150 mL in groups 1, 2, and 3 (P < 0.001) and 300, 250 and 
171.75 for nighttime (P < 0.001). This trend was also found for the 
night period (P < 0.001).
The evaluation of voiding diaries revealed that the lower 
the maximal voided volume was, the more bother the partici‐
pants experienced (P = 0.028 during daytime and P < 0.001 at 
night).
During daytime, the diuresis index which is calculated by divid‐
ing the diurnal urine production by the maximal voided volume was 
higher in patients experiencing more bother (P < 0.001).
The nocturia index was significantly higher in patients with more 
bother (P < 0.001).
TA B L E  2   Descriptive characteristics according to the different groups of bother for nighttime and scores retrieved from questionnaires
Presentation
Group 1a 
No/mild bother
Group 2a 
Moderate bother
Group 3a 
Strong bother
General comparison 
P‐valueBother scale 0 1 2 3 4 5 6 7 8 9 10
Nighttime bother
Nb	of	24	h	registrations 177 (53.3%) 93 (29.1%) 50 (15.6%)
Men,	n	(%) 88 (49.7%) 30 (32.3%) 11 (22.0%)
Women,	n	(%) 89 (50.3%) 63 (33.0%) 39 (78.0%)
Age	(years)
Median (1eQ‐3eQ) 54 (42‐64.5) 56 (43‐65) 50 (42‐64)
BMIb (kg/m2)
Median (1eQ‐3eQ) 24.78 (21.7‐27.6) 26.71 (23.9‐30.4) 23.96 (21.1‐3.6)
Women
ICIQ FLUTS storage 4	(2‐6.7) 7	(4.5‐7.5) 10	(8.5‐14.5) <0.001
ICIQ FLUTS emptying 1 (0‐2) 2	(0.5‐4.5) 5.5 (1.75‐9.0) <0.001
ICIQ FLUTS 
incontinence
4	(0.2‐8.7) 8 (0‐9) 7.5 (1.75‐10) 0.338
ICIQ	OAB 4	(2‐6.7) 6	(4.5‐9) 9.5 (8‐12) <0.001
Men
ICIQ MLUTS storage 2 (1‐3) 4	(4‐5) — <0.001
ICIQ MLUTS 
emptying
6 (2.75‐10) 11 (5‐16) — 0.006
ICIQ MLUTS 
incontinence
4	(1‐6) 7 (5‐9) — 0.020
ICIQ	OAB 4	(2‐6) 7 (6‐9) — <0.001
Both genders
ICIQ nQOL 39	(33‐43) 31 (28‐35) 22 (18‐31) <0.001
PSQI 5 (3‐7) 8 (5‐11) 9 (6‐13) <0.001
SF‐36 General health 65 (50‐80) 47.5	(40‐55) 32.5 (17.5‐55) <0.001
aAn	average	bother	score	has	been	calculated	from	the	3	days	before	the	repartition	in	three	groups.	
bBonferroni‐correction: level of significance: from P < 0.017. 
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These results show the implication of diuresis in bother related 
to LUTS.
3.3 | Mixed models
3.3.1 | Mixed model analysis of bother during 
daytime and nighttime
The model generated for the evaluation of LUTS bother during day‐
time had six variables as randomisation stratification variables: age, 
body mass index (BMI), PSQI, ICIQ filling phase score, ICIQ emptying 
phase	score,	daytime	diuresis	(Table	4).
During daytime, from the mixed model used to assess six factors, 
only two of them were revealed as having an influencing on the bother 
experienced by male patients: daytime diuresis and ICIQ filling phase 
score (respectively P = 0.018 and P = 0.026). For women, only the 
ICIQ FLUTS filling score was found as influencing factor (P < 0.001).
The model generated for the evaluation of LUTS bother during 
nighttime had six variables as randomisation stratification variables: 
age, body mass index (BMI), PSQI, ICIQ filling phase score, ICIQ 
emptying phase score, nighttime diuresis.
During nighttime, the mixed model revealed two factors with 
a significant influence on the bother in women: ICIQ FLUTS filling 
score (P < 0.001) and nocturnal diuresis (P = 0.005).
No significant influence was found during nighttime for men.
The	Akaike	 information	criterion	 (AIC)	of	 the	given	set	of	data	
was	458.579	for	men	and	719.148	for	women	during	daytime	and	re‐
spectively,	416.999	and	675.429	for	nighttime	bother,	which	means	
that these models were superior to the other alternative models 
tested.
3.3.2 | Mixed model focused on filling phase
The model generated for the evaluation of LUTS bother during 
daytime had seven variables as randomisation stratification vari‐
ables: gender, age, body mass index (BMI), stress incontinence, 
PSQI, daytime urine production, and maximal voided volume 
(Table 5).
TA B L E  3   Comparison of voiding diaries data among the different groups of bother
Presentation
Group 1 
No/mild bother
Group 2 
Moderate bother
Group 3 
Strong bother
General comparison 
P‐valueBother scale 0 1 2 3 4 5 6 7 8 9 10
Daytime bother
MVV (mL)
Daytime 300	(200‐450) 300	(200‐400) 232.5 (190‐350) 0.028
Intake (mL)
24	h 1640	(1262.5‐2075) 1850	(1485‐2240) 1800 (1500‐2192.5) 0.007
Diuresis (mL/h)
Daytime average 
3 days
71.27 (51.81‐86.00) 80.54	(62.03‐110.47) 87.30 (70.10‐116.67) <0.001
Mean voided volume (mL)
Average	(daytime) 206 (150‐280) 180	(133.33‐241.25) 150	(100.68‐190.94) <0.001
Diurnal bladder 
capacity index
2.500	(1.758‐3.489) 3.675	(2.529‐4.794) 4.3269	(2.886‐5.869) <0.001
Nighttime bother
MVV (mL)
Nighttime 355 (252.5‐500) 350	(252.5‐490) 255 (180‐327.5) <0.001
Intake (mL)
24	h 1640	(1295.5‐2120) 1870 (1500‐2200) 1815	(1560‐2410) 0.024
Diuresis (mL/u)
Nighttime 62.58	(42.86‐88.50) 83.22 (56.25‐121.21) 70.00 (52.72‐96.61) 0.001
Mean voided volume (mL)
Average	(nighttime) 300	(225‐450) 250 (162.29‐366.25) 171.75 (109.17‐228.7) <0.001 
<0.001
Nocturia indexb 1.04	(1.00‐1.83) 1.93	(1.39‐2.42) 2.26 (1.60‐3.78) <0.001
Nocturnal polyuria 
index
33.09	(23.01‐42.33) 37.07 (27.18‐50) 36.44	(21.02‐44.22) 0.044
aDiurnal bladder capacity index = Daytime diuresis/maximal bladder capacity during daytime. 
bNocturia index = Nighttime diuresis/maximal bladder capacity during nighttime. 
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During daytime, from the mixed model used to assess seven fac‐
tors, only two of them were revealed as having an influencing on the 
bother experienced by the patient: daytime diuresis and PSQI score 
(respectively P = 0.007 and P = 0.012).
The model generated for the evaluation of LUTS bother during 
nighttime had seven variables as randomisation stratification vari‐
ables: gender, age, body mass index (BMI), stress incontinence, PSQI, 
nighttime urine production, and maximal voided volume.
During nighttime, the mixed model revealed four factors with a sig‐
nificant influence on the bother: gender (P = 0.020), PSQI (P = 0.003), 
nocturnal diuresis (P < 0.001) and maximum voided volume (P = 0.018).
The	Akaike	 information	criterion	 (AIC)	of	 the	given	set	of	data	
for daytime and nighttime bother were, respectively, 1215.053 and 
1123.128, which means that these models were superior to the 
other alternative models tested.
4  | DISCUSSION
The aim of this study was to evaluate the association between 
bother caused by LUTS, data collected from voiding diaries, 
and scores from symptom‐specific questionnaires and QoL 
questionnaires.
LUTS include a wide range of subjective complaints bringing men 
and women to seek for help due to the fact that they impair quality 
of life.
Professional caregivers are used to score the patient's com‐
plaints with symptom‐specific questionnaires in order to—in one 
hand—identify and evaluate them and—in another hand—monitor 
the treatment, in an objective way. Quality of life questionnaires are 
other objective tools to assess the impact of a disease or a symptom 
on daily living.
TA B L E  4   Mixed model analysis of bother during daytime and nighttime
Daytime Nighttime
Man Woman Man Woman
P‐value β2 P‐value β2 P‐value β2 P‐value β2
Age 0.83 −0.01 0.16 0.03 0.84 −0.00 0.48 0.02
BMI (kg/m2) 0.96 −0.00 0.91 −0.01 0.95 0.00 0.17 −0.10
PSQI 0.17 0.16 0.23 0.10 0.87 0.01 0.22 0.12
ICIQ MLUTS or FLUTS
Filling phase 0.03 0.71 <0.00 0.53 0.17 0.36 <0.00 0.55
Emptying phase 0.09 −0.19 0.62 −0.052 0.56 0.05 0.81 −0.03
Diuresis (daytime/
nighttime) (mL/u)
0.02 0.01 0.57 0.00 0.06 0.01 0.01 0.01
Bold values indicate P < 0.05.
P‐value β2 P‐value β2
Daytime bother Nighttime bother
Gender
Woman 0.38 0 0.02 0
Man −0.47 −1.28
Age 0.52 0.01 0.95 −0.00
BMI (kg/m2) 0.49 0.04 0.91 −0.01
Stress incontinencea
Yes 0.07 0 0.46 0
No −1.01 0.41
PSQIb 0.01 0.18 0.00 0.21
Diurese (daytime/nighttime) 
(mL/u)
0.01 0.01 <0.00 0.02
Max.	voided	volume	(24	h)	(mL) 0.141 −0.00 0.02 −0.00
Bold values indicate P < 0.05.
athe variable "stress incontinence" was taken from the ICIQ FLUTS or ICIQ MLUTS questionnaires. 
bPittsburgh Sleep Quality Index. 
TA B L E  5   Mixed model analysis of 
bother during daytime and nighttime with 
special emphasis on filling phase
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This study showed that the scores of symptom‐specific and 
quality of life questionnaires are correlated with urinary bother. The 
more bother the patient experienced, the worst score he reported. 
Hannestad et al4 found that in women with incontinence, severity of 
bother was a strong predictor of health care seeking.
Bladder diary is a non‐invasive and easy‐to‐perform instrument 
to assess patient's complaints. Its use is recommended in routine 
clinical practice.
Jimenez‐Cidre et al and Yap et al5,6 showed good feasibility, 
reliability, and validity of 72‐hour bladder diaries in women with 
incontinence.
Unfortunately it still remains too rarely used in the daily practice 
of urologists and general practitioners.
Another	interesting	aspect	of	this	prospective	analysis	is	the	spe‐
cial focus that has been given on separating daytime and nighttime 
LUTS.
It has been pointed out the role of nighttime diuresis in pa‐
tients complaining of severe bother while it is not the case in 
patient	experiencing	less	bother.	Accordingly,	when	evaluating	pa‐
tients with urinary symptoms it appears relevant to separate day‐
time from nighttime symptoms, in order to offer an individually 
tailored management.
This is particularly relevant as Bright et al7 found a strong asso‐
ciation between diary and ICIQ Questionnaires responses regarding 
nocturia.
4.1 | Relation between bother and data from 
voiding diaries: focus on diuresis/fluid intake
We	explored	the	possibility	that	the	way	the	kidneys	work,	through	
the diuresis rate, could influence the urinary symptoms experienced 
by the patient.
Patients with increased diuresis rate experienced more bother 
than the others.
From	Table	 4,	we	 can	 conclude	 that	 an	 increase	 in	 diuresis	 of	
100 mL/h increases bother by one point (during nighttime for both 
men and women and only for men during daytime).
Even though this kind of statement is commonly accepted, and 
makes sense to patients and professional care givers, to our knowl‐
edge, this has not been proven so far and this study is the first one 
assessing the effect of diuresis on urinary bother.
An	increase	in	fluid	intake	was	also	associated	with	more	severe	
bother. This confirms the data from studies stressing that decreasing 
fluids improved symptoms in women with urinary incontinence8 and 
in patients with overactive bladder symptoms9, and that, on the con‐
trary, increased fluid intake worsened symptoms.
Fluid intake is logically directly involved in urine production rate, 
but one may not forget that there are also some medical issues (For 
example, as it is seen in diabetes, lower limb venous insufficiency, 
congestive heart failure, dehydration) which may modify the volume 
of urine produced (this phenomenon is multifactorial) and, in such a 
way, influence urinary bother.
There are different possible explanations which could explain 
the effect of diuresis on urinary bother:
Some studies explored the mechanic impact of urine over lower 
urinary tract function.10 It has been showed that water consumption 
and diuresis can influence the pattern and many of the urodynamic 
parameters of micturition.
While	there	is	no	consensus	in	the	literature	that	urinary	compo‐
sition such as its pH or osmolality could affect micturition pattern, 
some data also suggested that micturition in adults is influenced by 
urinary composition11,12. One of the main kidneys’ functions is to 
maintain the composition of blood, filtering extra water, and toxins. 
Urine composition may substantially change in different physiolog‐
ical and pathophysiological circumstances. Consequently, pH and 
osmolality may also vary vastly.
Finally, since it has been shown that urinary composition changes 
between kidneys and bladder13, the idea of urothelial impermeabil‐
ity should be reconsidered and consequently, the participation of 
urothelium in bladder sensitivity and on motor response is a concept 
needing further considerations.
4.2 | Relation between bother and data from 
voiding diary: focus on bladder capacity
As	might	be	expected,	lower	urinary	tract	such	as	bladder,	for	exam‐
ple, studied through maximal voided volume does play a role. The 
lower the maximal voided volume and/or mean voided volume, the 
more bother the participants described. Consequently, the diurnal 
bladder capacity index (Daytime diuresis divided by the maximal 
bladder capacity during daytime) and the nocturnal Nocturia index 
(Nighttime diuresis divided by the maximal bladder capacity during 
nighttime) were also involved.
It is possible that a rapid diuresis rate results in either involun‐
tary bladder contractions or enhanced afferent stimulation of the 
bladder which can be perceived in the brain as a more bothersome 
need to void even when involuntary contractions are not being 
generated.
4.3 | Relation between bother and sleep quality
Thanks to the PSQI, a decrease in sleep quality has been shown in 
patients with bother related to LUTS during nighttime as well as dur‐
ing daytime.
Our findings are consistent with previous results from Bliwise 
et al14 who studied 757 patients and showed that patients having to 
wake up early in the night to void had a high score of PSQI, meaning 
a poor sleep quality.
PSQI is a self‐rated questionnaire and an interesting tool to as‐
sess nocturnal disturbances but also daytime dysfunction through 
excessive daytime sleepiness15.	 Awakenings	 during	 the	 sleep	 in	
order to urinate are a cause of poor sleep.
Excessive daytime sleepiness consecutive to nocturnal arousals 
may also explain high score in the sleep quality questionnaire.
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4.4 | Bias/limitation
This	 study	was	 limited	by	 the	 small	 population	 studied.	Another	
limitation one can also point out is the referral centre bias: pa‐
tients included were those consulting in a tertiary centre hospital, 
which mean that they are not representative of all patients with 
LUTS. They are more likely to be severely affected, or to have rare 
clinical features.
5  | CONCLUSION
This is the first study evaluating LUTS‐associated bother during day‐
time	and	nighttime,	with	a	special	focus	on	diuresis	rate.	We	showed	
that not only bladder and prostate disorders need to be addressed 
when evaluating and treating LUTS, but also urine production has to 
be taken into account.
This study links the importance of fluid intake and diuresis rates 
with LUTS which, whilst it may seem obvious, has never been proven.
Our study showed that there was an increase in bother by 1 
when diuresis increased by 100 mL/h.
Diuresis can vary, depending upon drinking habits, hydration 
rate, or even pathological situation.
Here lays a potential role of fluid manipulation as a non‐invasive life‐
style measure, in order to help patients with bothersome LUTS, bearing 
in mind that other medical conditions can disturb urine production rate.
Fluid management is a low‐cost and easy to perform measure, 
with rapid impact.
This stresses the importance of a holistic and multidisciplinary 
approach even for symptoms which may, at the first glance, only be 
related to lower urinary tract.
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APPENDIX A
 
Parameter Definition
Intake Total volume of beverages ingested. In mL
Diuresis Volume of urine produced during a period of time. In mL/h
Sleeping hours The time from when an individual goes to bed with the intention of sleeping until they awaken with the 
intention of rising
Mean voided volume The mean voided volume passed in a 72‐hour period
Maximum voided volume (MVV) The single largest voided volume passed in a 72‐hour period
Nocturnal urine volume (NUV) Nighttime diuresis. Total volume of urine produced during sleeping hours; includes the first morning void 
volume
Nocturia index (Ni) NUV/MVV;	a	Ni	>1	indicates	that	NUV	exceeds	functional	bladder	capacity	and	nocturia	or	enuresis	occurs
Nocturnal urine production 
(NUP)
NUV/(Sleeping	hours);	NUP	≥90	mL/h	indicates	nocturnal	polyuria
24‐hour	total	urine	volume	(TUV) Total	volume	of	urine	passed	in	a	24‐hour	period
Nocturnal polyuria index (NPi) NUV/TUV;	NPi	>0.20‐0.33	(age‐dependent)	may	be	used	as	an	alternative	criterion	for	nocturnal	polyuria
Diurnal bladder capacity index Daytime diuresis/MVV during daytime
ICIQ FLUTS 
ICIQMLUTS
International Consultation on Incontinence modular Questionnaire. 
Self ‐administered questionnaire in order to assess LUTS in women (ICIQ‐FLUTS) and in men (ICIQ‐MLUTS)
ICIQ	‐OAB Self ‐administered questionnaire in order to assess more specifically storage symptoms (overactive bladder)
ICIQ‐nQoL Self ‐administered questionnaire in order to assess quality of life in patient with nocturia
PSQI Pittsburgh Sleep Quality Index
SF‐36 Short Form 36: self‐administered questionnaire with 36 questions in order to assess quality of life
